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Oleanolic and ursolic acids are two ubiquitous isomeric triterpene phytochemicals known for their anticancer
activity. A set of derivatives of the two compounds with a modified oxidation state and lipophylicity at C-3 and

C-28 positions, were prepared and tested as anticancer agents versus the lines HepG2, Hep3B and HA22T/VGH
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of hepatocarcinoma, a strongly aggressive tumor that is not responsive toward the standard therapies. New
derivatives containing a three carbons side chain on the C-3 position were synthetized in both stereoisomeric
forms by the Barbier-Grignard procedure and three of them were found to be active toward all of the three
targets. The implication of the transcriptional nuclear factor NF —«B in the mechanism of action was assessed for
the more active compounds in the set, as hepatocellular carcinoma (HCC) cyto-types are known to overexpress

1. Introduction

3B-hydroxy-olean-12-en-28-oic acid, known with the common name
of oleanolic acid (OA, 1) and 33-hydroxy-urs-12-en-28-oic acid, known
as ursolic acid (UA, 7) are ubiquitous pentacyclic ursane- and oleanane-
type triterpenes that possess the same functional groups, i.e. a car-
boxylic moiety at C-28, a 3-hydroxy function at C-3 and a trisubstituted
double bond between C-12 and C-13. The only difference between ur-
sane and oleanane carbon framework lies in the position of 30-methyl
(R, in OA 1 and R3 in UA 7, see Fig. 1). Both compounds were shown to
possess several interesting biological properties, such as anti-in-
flammatory, antimicrobial, antidiabetic activities [1-4]. Ursolic acid is
present in a large number of vegetables popularly known for their
supposed tumor-preventive properties such as apples and cranberry [5]
while OA 1 is normally assumed in daily diet through the consumption
of other putative cancer-preventive foods, such as berry fruits [6] and
olives (fruit and oil) [7]. Further evidences concern compounds 1 and 7
as components of the the active extracts of several medicinal plants
with a recognized anti-cancer activity; recent examples include Thymus
mastichina [8], Hedyotis diffusa [9], Oldenlandia diffusa [10] and Cornus
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kousa [11].

In recent years the in vitro and in vivo anti-cancer activity of the
triterpene acids family, including compounds OA 1 and UA 7 and their
semisynthetic derivatives, has been being investigated toward a great
number of biological targets; the mechanisms of action are different and
involve various stages of tumor development including apoptosis in-
duction, cell cycle arrest, autophagy, invasion and metastasis inhibi-
tion, angiogenesis inhibition, etc. [12-14]. Further, OA 1 and UA 7 are
well known for their hepatoprotective effects [15].

The nuclear factor-xB (NF-kB) is a transcription factor with multiple
genetic targets that controls various cellular functions strongly over-
expressed in hepatocellular carcinoma (HCC) [16,17]. It has been re-
ported that UA and OA are able to inhibit NF-kB activation, and that
this inhibitive effect is not cell type specific. HCC is a frequent and
highly aggressive tumor, which in the advanced stages responds very
poorly to currently available therapies [18,19].

The pathways involved after the inhibition of the NF-kB activation
in the HCC model are not well understood and may include the in-
hibition of STAT3/6 and Akt/mTOR pathways [20]. Furthermore, UA
apoptosis induction has been shown in Huh-7 cells with the
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Reagents and conditions:
Me2CO, rt, 30’; iv. Allyl-MgBr, dry

iiil

iv i
5/6,11/12 -=-—— 13,15 —>»

14,16

i. CH2N2, dry Et20, 0 °C, 1 h; ii. Ac20/Py 1:2, rt, 12 h; iii. Jones reagent,
THF, 0 °C to rt, overnight.

Compound Ri R: Rs3 R4 Rs
1 H Me H OH H
2 Me Me H OH H
3 H Me H OAc H
4 Me Me H OAc H
5 H Me H OH allyl
6 H Me H allyl OH
7 H H Me OH H
8 Me H Me OH H
9 H H Me OAc H
10 Me H Me OAc H
11 H H Me OH allyl
12 H H Me allyl OH
13 H Me H - -
14 Me Me H - -
15 H H Me - -
16 Me H Me - -

Fig. 1. Chemical structures and reaction conditions for the preparation of compounds 2-6, 8-16 from 1 and 7.

involvement of both the extrinsic and intrinsic pathways also inhibiting
the p-Akt and p38 MAPK signaling transduction pathways [21]. As
reported in the cited literature, even minimal modifications in the
carbon framework, like the position of Me-30, as well as the oxidation
state and the lipophilicity at C-3 of the triterpene acids, may result in a
strong variation in the anti-cancer activity. Despite the great deal of
data already available, a reliable prevision of the activity and the me-
chanism of action of a compound of this class toward a given target
based on the already known structure-activity relations (SAR) is still far
to be achieved. For this reason, it appears useful to test a set composed
by derivatives of OA 1 and UA 7 that bear the same structural mod-
ifications applied on both the precursors in order to gain new SAR in-
formation about the cytotoxicity toward HepG2, Hep3B and HA22T/
VGH cancer cell lines. In particular, we designed some chemical mod-
ifications at C-28 and C-3 changing the lipophilicity and/or the oxida-
tion state at C-3. Further, a group of new derivatives of compounds 1
and 7, that are compounds 5, 6, 11 and 12, bearing an allyl moiety at C-
3 were synthetized and assessed for their bioactivity, in order to eval-
uate how an increase in the lipophilic character together with the
maintenance of the hydrogen bonding ability of the OH group at C-3
can influence the cytotoxicity. It is worthy to note that some molecules
in this set, i.e. compounds 3, 9, 13 and 15, are natural occurring

phytochemicals structurally related to compounds 1 and 7; that were
never evaluated for their activity toward Hep3B and HA22T/VGH cell
lines. Further, none of the derivatives obtained from OA 1 and UA 7
were never evaluated for their NF-kB inhibition activity.

2. Results and discussion

OA 1 and UA 7 were obtained by Soxhlet extraction from Olea
europaea leaves and Malus domestica fruit peel, respectively. Fig. 1 re-
ports the chemical structures of compounds 1-16, as well as the pre-
paration of compounds 2-6, 13 and 14 starting from 1 and 8 - 12, 15
and 16 starting from 7.

The diazomethane treatment of 1, 3,7, 9, 13 and 15 gave quanti-
tatively the methyl-esters 2, 4, 8, 10, 14 and 16. Both compounds 1 and
7 were converted to the corresponding acetates 3 and 9 by reaction
with Ac,O/Py at rt for 24 h. Oxidation of 1 by Jones method gave the
keto-acid 13, while its isomer 15 was obtained in the same experi-
mental conditions from compound 7.

The new C-3 epimers 5, 6, 11 and 12 were obtained by the reaction
of ketones 13 and 15 with 2.5 egs. of allyl-magnesium chloride, fol-
lowed by the usual work up. The chromatographic purification of the
reaction mixtures led to isolate a more polar and more abundant
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Table 1
'H and '3C NMR spectral data (CDCl3) of compounds 5, 6, 11 and 12.

5 6 11 12

H/C 'H (Jin Hz) 3¢ 'H (J in Hz) 3¢ 'H (J in Hz) 3¢ 'H (J in Hz) 3¢

1 1.44 36.64 1.35 34.28 1.46 36.85 1.41 34.50
0.96 1.22 1.00 1.30

2 1.65 28.37 1.67 28.69 1.66 28.43 1.70 28.78
1.50 1.47 1.52 1.49

3 - 76.25 - 75.10 - 76.22 - 75.06

4 - 41.10 - 40.47 - 41.11 - 40.47

5 1.02 53.08 1.34 50.92 1.01 53.09 1.34 50.94

6 1.48 18.87 1.47 18.73 1.47 18.84 1.47 18.73
1.43 1.34 1.38 1.34

7 1.44 32.78 1.48 32.57 1.48 33.06 1.54 32.91
1.30 1.29 1.33 1.33

8 - 39.29 - 39.21 - 39.51 - 39.42

9 1.60 48.08 1.68 47.50 1.55 47.98 1.63 47.44

10 - 37.11 - 36.98 - 37.08 - 36.90

11 1.89 23.38 1.89 23.22 1.91 23.28 1.93 23.10
1.89 1.89 1.91 1.93

12 5.28t (3.4) 122.48 5.28t(3.4) 122.66 5.24t (3.3) 125.76 5.25t (3.3) 125.90

13 - 143.66 - 143.58 - 137.92 - 137.88

14 - 41.53 - 41.59 - 41.83 - 41.95

15 1.73 27.69 1.71 27.62 1.88 27.99 1.89 27.94
1.08 1.08 1.09 1.10

16 1.98 22.90 1.98 22.87 2.01 24.03 2.01 24.06
1.63 1.61 1.66 1.67

17 - 46.54 - 46.52 - 47.93 - 47.96

18 2.83 dd (13.7, 4.1) 40.93 2.82 dd (13.7, 4.2) 40.87 2.19d (11.1) 52.48 2.19d (11.2) 52.54

19 1.63 45.92 1.61 45.84 1.35m 39.01 1.34 39.01
1.15 1.16

20 - 30.65 - 30.65 1.02m 38.81 1.00 38.80

21 1.34 33.80 1.36 33.77 1.52 30.58 1.52 30.60
1.22 1.22 1.32 1.30

22 1.77 32.42 1.77 32.44 1.71 36.70 1.72 36.72
1.58 1.57 1.66 1.66

23 0.90s 19.45 0.81s 20.66 0.90 S 19.52 0.81 20.72

24 0.87s 24.10 0.93s 23.58 0.89s 24.14 0.94 23.59

25 0.96s 15.81 0.91s 14.88 0.98s 15.95 0.93 15.06

26 0.76s 17.17 0.75s 17.20 0.78s 17.13 0.78 17.14

27 1.16s 26.01 1.15s 26.08 1.10s 23.71 1.10 23.74

28 - 184.05 - 184.06 - 183.78 - 183.46

29 0.91s 33.06 0.91s 33.05 0.88 d (6.0) 17.00 0.86 d (6.3) 16.99

30 0.94s 23.57 0.93s 23.58 0.96 d (6.1) 21.18 0.95d (6.1) 21.17

1’ 2.52 dd (14.1, 7.9) 37.63 2.41 dd (13.7, 7.5) 40.87 2.53 dd (14.1, 7.7) 37.60 2.41 dd (13.7, 7.5) 40.92
2.23 dd (14.1, 6.7) 2.09 dd (13.7, 7.3) 2.23 dd (14.1, 6.8) 2.10 dd (13.7, 7.3)

2/ 5.91 dddd (17.2, 10.2,7.9,6.7) 134.91 5.92 dddd (17.0, 10.2,7.5,7.3) 134.64 5.92dddd (17.3,10.3,7.7,6.8) 134.91 5.93dddd (17.1, 10.2, 7.5, 7.3) 134.68

3 5.15 brd (10.2) 118.04 5.18dd (10.2, 2.2) 118.94 5.16 brd (10.3) 118.14 5.18 dd (10.2, 2.0) 118.88

5.12 brd (17.2)

5.11dd (17.0, 2.2)

5.14 br d (17.3)

5.11 brd (17.1)

product (5 from 13 and 11 from 15), and a less polar, minor product (6
from 13 and 12 from 15). The structure assignments were made on the
ground of spectroscopic analysis. For a matter of simplicity the fol-
lowing discussion will be focused on the determination of the structure
and stereochemistry of oleanane-type compounds 5 and 6. Closely si-
milar considerations are applicable to ursane-type compounds 11 and
12. In particular, the 'H NMR spectra of both the compounds show
similar signals pattern of the allyl moiety with a slightly difference of
chemical shift of geminal vinyl protons that, in a 400 MHz 'H spectrum,
are partially overlapped in the compound 5 (§ 5.15 br d J = 10.2Hz
and 5.12 br d J = 16.0Hz) while are separate signals (§ 5.18 dd
J =10.2, 2.2Hz and 5.11 dd J = 17.0, 2.2 Hz) for the compound 6.
The methine proton in the vinyl moiety has quite the same chemical
shift being a multiplet at § 5.92 and 5.91 for 5 and 6 isomers, respec-
tively. A greater difference is observed for the allylic methylene
showing two diastereotopic protons signals at § 2.52 (dd, J = 14.1,
7.9 Hz) and 6 2.23 (dd, J = 14.1, 7.1 Hz) in the spectrum of compound
5 and at § 2.41 (dd, J = 13.8, 7.4 Hz) and § 2.09 (dd, J = 13.8, 7.4 Hz)
in the spectrum of compound 6. HSQC and HMBC experiments allowed
to assign every signal of both compound 5 and 6 as reported in Table 1.
For the assignment of the correct C-3 configuration of these epimers,

the literature data were initially considered. The comparison of the
reported 13C NMR spectra of OA [22] with 3-epi-oleanolic acid [23]
showed that the signal of carbon C-3 of the (3-OH epimer (oleanolic
acid) had a downfield shift with respect to the same carbon signal of the
3-epi-oleanolic acid (a-OH).

The same trend can be reported for the signals of C-1 and C-4. On
the base of this observation, the configuration of C-3 of the compound 6
can be assumed as a-OH therefore an S absolute configuration. On the
converse, the compound 5 is the B-OH epimer having a R absolute
configuration at C-3. The absolute configuration of C-3 was further
supported by running a ROESy experiment on both compounds 5 and 6.
Two correlation cross peaks have been observed in the ROESy spectrum
of the compound 6. They involved the allyl protons with methyl groups
in C-4. In particular, the proton at § 2.41 correlated with Me at § 0.93
whereas the proton at § 2.09 correlated with the methyl signal at §
0.81. For compound 5, a clear correlation was observed between one of
the allyl protons, specifically the proton resonating at § 2.52, with H-5
(6 1.02) having a biogenetic a configuration. Consequently, the corre-
lations observed are compatible with structures showed in Fig. 2 in
which the absolute configuration R at C-3 (B-OH) was assigned to the
more polar and more abundant compound 5, while the less polar minor
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Fig. 2. Selected ROESy correlations for epimers 5 and 6.

Table 2

ICsq values of the HCC cell lines treated with compounds 1-16.
Compounds HA22T/VGH HepG2 Hep3B
1 > 100 M > 100 uM > 100 uM
2 42.5uM + 0.7 40.0uM * 0.7 41.5uM + 2.1
3 > 100 uM > 100 uM > 100 uM
4 > 100 M > 100 uM > 100 uM
5 31.0uM + 1.5 28.0uM * 2.0 32.5uM * 2.5
6 35.8uM + 0.25 44.0uM + 1.0 33.7uM + 1.25
7 23.1puM = 8.7 40.8uM * 119 52.0uM = 1.0
8 38.0uM * 4.0 45.0uM * 5.0 38.0uM * 2.0
9 > 100 uM > 100 uM > 100 uM
10 > 100 uM > 100 uM > 100 uM
11 41.0uM * 12.7 45.0uM * 1.4 40.0pyM * 2.8
12 > 100 uM > 100 uM > 100 uM
13 432uM * 525 340uM = 1.5 382uM = 1.75
14 > 100 M > 100 uM > 100 uM
15 > 100 pM > 100 pM 90.7 M * 3.75
16 > 100 uM > 100 uM > 100 uM
** P < 0.05.

* P < 0.01 vs. precursor compounds 1 and 7.

product 6 was the other epimer S (a-OH).

The antitumor effects of all of the compounds 1-16 on HCC cell
lines were evaluated by MTS assay. After 72h of treatment the con-
centrations of the substance which caused 50% inhibition of cell growth
are reported in Table 2. As it can be seen, the derivatives 2, 5, 6 and 13
are more active than their precursor 1 in all the cells tested. On the
other hand, the derivatives of AU 7 show an activity similar to that of
their precursor in both HA22T and HepG2 cells, while compounds 8
and 11 are more active in Hep3B cells.

Further, a comparison of the activities reported in table 2 highlights
how the structural modifications imply comparable effects on the three
cell lines, that may be both favorable or not: in particular, migration of
Me-29, that means shifting from oleane to ursane series, has a sig-
nificant positive effect when there is a OH function on C-3 (7 vs. 1),
while the effect is negative when the C-3 is a carbonyl (15 vs. 13). On
the other hand, methylation of the carboxylic moiety, as mentioned
above, has a slight to negligible influence in the ursane set (compare 8
vs. 7,10 vs. 9 and 16 vs. 15) while is moot in the oleane family, where
the substitution of the carboxy function with a carbomethoxy one, may
be favorable (2 vs. 1), unfavorable in the ketones (14 vs. 13), or irre-
levant (4 vs. 3). Further, oxidation of C-3 implies a loss of activity in
every case (14 vs.2, 15 vs. 7 and 16 vs. 8) but for OA where this
modification strongly enhances the cytotoxicity (13 vs. 1). Further-
more, the acetylation of the alcohol moiety at C-3 implies a drop in the
cytotoxicity, in every case.

The kind of observed behavior is typical of a drug with a complex
mechanism of action that concerns the involvement of multiple path-
ways and targets, as was already reported in literature for OA 1 and UA
7 (see references in “introduction” section).

The substitution of the C-3 proton in 1 and 7 with an allyl fragment
is worth of further discussion. Four new molecules, that is two couples
of epimers isolable in both the stereoisomeric forms were obtained: (R)-

Bioorganic Chemistry 90 (2019) 103054

5, (S)-6 from 1 and (R)-11, (S)-12 from 7.

In HepG2 cells, a slight difference in the cytotoxic effect observed
for compounds 5 and 6 may be due to the stereochemistry at C-3;
however, the stereochemistry at C-3 become relevant for compounds 11
and 12 in all of the cell lines tested.

We have evaluated the effects of the derivatives that have shown a
cytotoxic activity in the three HCC cell lines (HA22TVGH, HepG2 and
Hep3B), on the constitutive activation of NF-kB by TransAM assay after
24 h of treatment. As indicated in literature, our data have confirmed
that OA 1 and UA 7 are inhibitors of NF-«B activation. The derivative of
ursolic acid 8, has shown inhibitory effects on NF-kB approximately
comparable to those of UA 7 in all cell lines, while all the derivatives of
OA 1 have strongly reduced NF-kB activation with respect to the pre-
cursor in all cell lines (Fig. 3).

It has been shown that the aggressiveness and the poor respon-
siveness of the HCC is due to the constitutive activation of NF-kB and its
molecular targets such as MDR-1 (the multidrug resistance gene 1,
which encodes for the P-glycoprotein), that was able to decrease in-
tracellular drug concentration by acting as a drug efflux pump and the
inhibitors of apoptosis proteins [16,17]. It is interesting to note that our
three HCC cell lines are characterized by a high expression of IAPs and
MDR-1 [24]. Little is known regarding the proapoptotic effects of OA 1
and UA 7 in HCC, however Wu et al. have shown that treatment with
UA can sensitize HepG2 cells to cisplatin [25]. In HuH7 liver cancer
cell, OA and UA induce apoptosis through a mitochondria-mediated
pathway and downregulation of X-linked inhibitor of apoptotic protein
(XIAP) also suppressed the activity of NF-kB [26].

3. Conclusions

A set of derivatives of OA 1 and UA 7 have been synthetized and
tested toward three relevant HCC cell lines, HA22T/VGH, HepG2 and
Hep3B getting some useful SAR information in vitro. This cancer is
characterized by multidrug resistance, poor prognosis and by con-
stitutively activation of NF-xB.

Four new derivatives with a side chain at C-3, i.e. epimeric com-
pounds 5, 6 from OA and 11, 12 from UA, were obtained, the oleanane-
type derivatives showing more activity than their precursor 1.

We demonstrated for the first time that some derivatives of OA 1
and UA 7 inhibited cell growth and induced an inhibition of NF-xB
activation in hepatocellular carcinoma cell lines. Interestingly, we ob-
served a strong correlation between the cytotoxic activity and the NF-
kB inhibition, in particular for compounds 5, 6 and 13.

Our findings, once again provide evidence that pharmacological
inhibition of NF-xB may represent a promising approach for HCC
therapy and further investigations are ongoing to clarify the molecular
pathway downstream of NF-kB. Further investigations are in progress to
clarify the involvement of NF-kB targets such as IAPs.

Furthermore, it can be hypothesized that pretreatment with this
compounds could make cells more sensitive to the standard che-
motherapeutic drugs and they could represent new possible therapeutic
approaches for HCC.

4. Materials and methods
4.1. General

Reaction progress was monitored by TLC on silica gel plates (Merck
60, Fos4, 0.2mm). Organic solutions were dried over Na,SO4.
Evaporation refers to the removal of solvent on a rotary evaporator
under reduced pressure. *H-All samples were solubilized in deuterated
chloroform (CDCl3). The spectra were recorded at 300K by a Bruker
Avance II 400 spectrometer operating at 400.15 and 100.63 MHz for 'H
and '3C, respectively. The instrument was equipped with an inverse
broadband probe (BBI). For the acquisition of 1H spectra, a 11.87 us 90°
pulse, a delay time of 5s and 16 scans were used. *C spectra were
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Fig. 3. NF-«B (p65 subunit) DNA binding capacity in nuclear extracts of HCC cell lines. The cells were treated for 24 h with compounds 1, 5-8, and 13. Results are
expressed as arbitrary units/ug protein of HA22T/VGH, HepG2 and Hep3B nuclear extracts and the mean =+ SE of three independent observations. *P < 0.05 versus
control; **P < 0.01versus control. For further details, see Materials and methods.

acquired using a 90° pulse of 12.2 ps, a decoupling pulse of 80 pus and a pulse of 11.87 ps on the 1H nucleus, 8 scans and 256 experiments. The
delay time of 3 s. The 2D ROESY spectra were acquired at 300 K using a 2D HMBC long-range correlation spectra were acquired at 300K
spin-lock pulse of 300 ms, 8 scans and 256 experiments. The 2D HSQC through a J-filtered pulse sequence in order to suppress the single bond
correlation spectra were acquired at 300K through a double inept correlations with no decoupling during acquisition, using a 90° pulse of
transfer pulse sequence with decoupling during acquisition using a 90° 11.87 ps on the 1H nucleus, 8 scans and 256 experiments. Merck silica
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gel (Kiesegel 60/230-400 mesh) was used for flash chromatography
(FC) columns. Optical rotations were measured by Jasco P-1010 digital
polarimeter. Microanalysis data (C, H, N) obtained by an Elemental
Vario EI III apparatus were within *+ 0.4% of the theoretical value. Dry
THF was obtained by distilling commercial THF onto Na/benzophenone
mixture.

Compounds 1-4, 7-10 and 13-16 were recognized by comparing
physical and spectral properties with literature data.

4.2. Extraction and purification of compounds 1 and 7.

1.0 Kg of Olea europea leaves collected in the campus garden were
dried on air for one week, cut in little slices and charged into the
Soxhlet apparatus and extracted with EtOAc for 6 h. Then the solvent
was removed by rotavapor distillation and the extract was purified by
column chromatography employing deactivated (with 15% V/W of
H,0) Merck silica gel (Kiesegel 60/70-230 mesh) as stationary phase
and Me,CO/n-hexane 2:8 as eluent. 1.30 g (0.13%) of pure OA 1 [22]
were obtained.

2.0 kg of Malus domestica purchased in a local market were peeled
and the peel was cut in little slices that were subsequently freeze-dried.
The resulting material was subjected to the same isolation procedure
described above obtaining 1.45 g (0.07%) of pure UA 7 [27].

4.3. General procedure for the methylation with CH,N_, preparation of
compounds 2, 4, 8, 10, 14 and 16.

To a solution of 0.5 mmol of the starting compound in 5 mL of THF,
an ethereal solution of CH,N, was added dropwise at 0 °C until a per-
sistent pale yellow colour developed. The resulting solution was stirred
for 30". The CH,N, excess was removed by gentle warming under hood
and the solvent was evaporated. The residue was purified by FC
(CHCl3/MeOH 50:1) giving in quantitative yield reaction products
identical in all respect to reported 2 [28], 4 [29], 8 [30], 10 [29], 14
[31] and 16 [32].

4.4. General procedure for the acetylation reaction; preparation of
compounds 3 and 9

300 mg of compounds 1 or 7 were solubilized in 3 mL of 1:2 Ac,0/
Py and stirred at rt for 24h. Then the volatiles were removed by
azeotropic evaporation with toluene. The residue was treated with 5 mL
of 1:1 THF/H,0 and stirred for 3h in order to hydrolyze in situ the
mixed anhydride. The solvent was evaporated and the residue was
purified by FC (CHCls/acetone 0.3% in acetone) giving 278 mg (85%)
of a compound identical in all respect to reported 3 [33] and 9 [34].

4.5. General procedure for the Jones oxidations, preparation of compounds
13 and 15

To a solution of 300 mg (0.64 mmol) of compound 1 (7) in Me,CO,
Jones reagent was added dropwise at 0 °C until a persistent pale yellow
colour developed in the solution. The greenish solid residue was filtered
off and the solvent was evaporated. The residue was purified by FC
(light petroleum/acetone 5% in acetone) to give 195mg (65%) of a
compound identical in all respect to reported 15 [34], from 7 and
265 mg (89%) of a compound identical in all respect to reported 13
[35], from 1.

4.6. Preparation of stereoisomers 5, 6 and 11, 12 by Grignard addition
reaction on ketones 13 and 15.

To a solution of 250 mg (0.55 mmol) of compound 13 (15) in 15 mL
of dry THF, 700 mL (1.4 mmol) of 2 M allylmagnesium chloride in THF
were slowly added via syringe under an Ar atmosphere at a temperature
of 0°C. The mixture was left to warm until rt overnight and then was
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poored into an iced 1 M HCI solution. The resulting mixture was stirred
for 30’ while adjusting the pH to 2 in order to protonate the carboxylic
function. Then the mixture was extracted with CHCl; (4 X 30 mL), the
collected organic phase was neutralized with water and dried over
anhydrous Na,SO4. The solvent was evaporated and the residue was
purified by FC (cyclohexane/acetone 9:1) giving 28 mg (10%) com-
pound 6 and 96 mg (35%) of compound 5.

(3a)-allyl-(3B)-hydroxyolean-12-en-28-oic acid (5): amorphous white
solid, anal. C 79.11%, H 10.81%; calcd for C33Hs5,03, C 79.79%, H
10.55%. [alp®® + 55.4 (c = 0.01, CHCls); 'H NMR and 'C NMR:
see Table 1.

(3p)-allyl-(3a)-hydroxyolean-12-en-28-oic acid (6): amorphous white
solid, anal. C 79.89%, H 10.77%; calcd for C33Hs503, C 79.79%, H
10.55%. [alp®® + 31.4 (c = 0.0026, CHCl3); 'H NMR and **C NMR:
see Table 1.

(3a)-allyl-(3B)-hydroxyurs-12-en-28-oic acid (11): amorphous white
solid, anal. C 79.55%, H 10.80%; calcd for C33Hs5,03, C 79.79%, H
10.55%. [a]p>® + 29.0 (¢ = 0.136, CHCl;); 'H NMR and '*C NMR:
see Table 1.

(3B)-allyl-(3a)-hydroxyurs-12-en-28-oic acid (12): amorphous white
solid, anal. C 79.80%, H 10.60%; calcd for C33Hs5,03, C 79.79%, H
10.55%. [a]lp?® + 40.0 (c = 0.3, CHCl3); "H NMR and *C NMR: see
Table 1.

4.7. Cell cultures

The culture medium of human HCC cell lines is Roswell Park
Memorial Institute (RPMI) 1640, supplemented with 10% heat-in-
activated fetal calf serum, 2 mML-glutamine, 1 mM sodium pyruvate,
100U/mL penicillin, and 100 ug/mL streptomycin (all reagents were
from HyClone Europe Ltd., Cramlington, U.K.); the cells are cultured in
a humidified atmosphere at 37 °C in 5% CO, and routinely tested for
Mycoplasma contamination. HA22T/VGH cell line was kindly provided
by Professor M. Levrero (Laboratory of Gene Expression, Fondazione
Andrea Cesalpino, University of Rome ‘La Sapienza’, Rome, Italy),
Hep3B and HepG2 cell lines were obtained from the American Type
Culture Collection (ATCC). After obtaining the cells, the first passage
carried out was assigned passage number 1 and having a narrow range
of passage numbers were used for all experiments.

4.8. Cell growth assays

For MTS assay we estimate cell growth inhibition as a percentage of
the absorbance measured in the control cells. The cells were seeded
onto 96-well plates at 2 X 104 cells/well and after 24 h the compounds
were added in different concentrations. After 72h, 15 pl of a commer-
cial solution containing 3-(4,5-dimethylthiazol-2-yl)-5-(3-carbox-
ymethoxyphenyl)-2-(4-sulphophenyl)-2H-tetrazolium (MTS) and phe-
nazine ethosulfate (obtained from Promega Corporation, Madison, WI,
USA) were added and after a period variable for each cell line, the
bioreduction of the MTS dye was assessed by measuring the absorbance
of each well at 490 nm.

4.9. NF-kB activation

NF-kB activation was evaluated by the DNA-binding capacity of NF-
kB (p65 subunit) using the TransAM™ NF-kB and Nuclear Extract™ Kits
(Active Motif, Carlsbad, CA, USA). The assay is based on the measure of
binding between an oligonucleotide containing the NF-kB consensus
binding site (5’-GGGACT TTCC-3’) and the activated NF-«xB contained in
the nuclear extracts of cells treated. In particular, the NF-kB bound to
the oligonucleotide is detected using an antibody directed against an
epitope on p65 that is accessible only when NF-kB is bound to its target
DNA. Addition of a secondary antibody conjugated to horseradish
peroxidase provides sensitive colorimetric readout that is quantified by
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densitometry. The results were expressed as arbitrary units: one unit is
the DNA binding capacity shown by 2.5 ug of whole cell extract from
Jurkat cells stimulated with 12-O-Tetradecanoylphorbol-13-acetate
(TPA) + calcium ionophore (CI)/pug protein of nuclear extracts. The
specificity of the assay is defined by contemporaneous incubations in
presence of an excess of the non-immobilized consensus oligonucleo-
tide, as a competitor, or of a mutated consensus oligonucleotide.

4.10. Statistical analysis

Results are presented as mean =* standard deviation. The sig-
nificance of differences between means was evaluated by Student’s t-
test. A statistically significant difference is indicated by p < 0.01 and
p < 0.05.
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